


















置により数十秒間の記録が可能となった。この方法のために基礎的実験を ESRF (European 
Synchrotron Radiation Facility, Grenoble, France)と SLS (Swiss Light Source, Villigen, 
Switzerland)の 2 か所の高輝度放射光施設で年間数 100 時間の実験を行った。白色Ｘ線のスペ
クトルなどを調整することによりバックグラウンドノイズを顕著に減少させることができた。
この方法で KcsA カリウムチャネルのイオン透過路開閉（ゲーティング）に伴う構造変化を一
分子レベルで追跡した。KcsA チャネルは溶液の pH を酸性にすることによってゲーティング
を起こす。定常状態での測定ではどちら向きのねじれ運動が開過程なのか閉過程か特定できな
い。そこで、溶液の pH ジャンプ（中性→酸性）による構造変化を捉えるための装置を開発し








研究成果の概要（英文）：To detect conformational changes of ion channels upon gating, the 
diffracted X-ray tracking method has been established. We improved the method to trace 
fine movements of the diffraction spots with the high spatial and temporal resolutions. For 
the high flux white X-ray source, we used two synchrotron facilities (ESRF [European 
Synchrotron Radiation Facility, Grenoble, France]; SLS [Swiss Light Source, Villigen, 
Switzerland]). By optimizing the spectrum of white X-rays with the aid of the beam 
scientists, the background noise was reduced substantially, and we attained the high speed 
recording as high as 5000 frame/s. Under these experimental setups, the conformational 
changes of the KcsA potassium channel upon opening and closing of the gate were recorded 
in the single molecule level. The KcsA channel is a pH-sensitive channel, and by jumping 
the solution pH from neutral to acidic, the initial gating processes were expected to be 
recorded. The pH jump was attained by utilizing a caged proton, to which the UV lazer of 
355 nm was irradiated. The time course of the pH jump in the chamber was measured and 
it was revealed that the pH jump was completed within 100 ms. The conformational 
changes before and after the pH jump differed significantly. These video data were under 
the image processing for detecting the diffraction spots and tracing of the trajectories on 
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(1) ESRF と SLS の利用申請し、厳しい競争に
打ち勝ち、まとまった実験時間を確保するこ
とができた。フランス・スイスを合わせ年間
約 400 時間のビームタイムとなった。 

































ゲージド化合物 1-(2-nitrophenyl)ethyl sulfate 
を使用し、紫外線レーザ（355 nm）の照射に
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